The FAS Verbal Fluency Test is widely used in neuropsychological clinical services and research. This study investigated the contributions of different executive functions, age and gender to FAS test performance in a sample of children and teenagers divided into two groups: G1 comprised 263 children aged 6-10 years, and G2 comprised 150 teenagers aged 10-14 years. All participants were assessed using the Cancellation Attention Test, the Auditory Working Memory Test, the Visual Working Memory Test, the Semantic Generation Test, and the Trail Making Test, in addition to the FAS test. For G1, age, auditory working memory and shifting were predictors of FAS performance. For G2, gender, auditory working memory, shifting and inhibition comprised the FAS explanatory model. The study contributed to our understanding of which are the best predictor variables for the FAS test in a Brazilian sample and how executive demands change with age.
Verbal fluency tests, such as the Controlled Oral Word Association Test (COWAT), are among the five most used executive function (EF) assessment instruments in North America 1 . They have also been largely used and researched in Brazil [2] [3] [4] [5] [6] [7] . These tests are designed to assess verbal fluency, which is one aspect of fluency ability, and are related to the capacity to execute behaviors rapidly, sequentially, and in accordance with certain rules 3, 8 . Verbal fluency can be assessed by semantic and letter/phonemic paradigms in which the most commonly used letters are F-A-S [9] [10] [11] . The FAS Verbal Fluency Test (FAS), like others based on the fluency paradigm, is considered to be a complex task because it is based on various EF processes. These include a set of abilities such as working memory, inhibition and cognitive flexibility, that allow us to control and regulate our behavior, including emotions and cognitions, and act in deliberate and functional ways 3, 8, 12 . In this sense, we can hypothesize that verbal fluency tests involve: maintaining and constantly updating working memory, picking the right stimulus or rule to guide the production of behaviors, inhibiting incorrect or already given answers, leveraging enough flexibility to generate new answers and to not reproduce the same behavior patterns, and continuously monitoring this production. Despite these assumptions and the already known relationship between EF and the FAS, the test is widely used in neuropsychological research and clinical applications, frequently without a clear understanding of what it actually measures.
Some studies can help to shed light on this subject. First, cognitive 13, 14 and neuroimaging 11 studies offer evidence that semantic and phonemic fluency 15 tasks present differential and specific demands for their solutions. Second, particularly relevant for phonemic fluency tests, FAS performance in healthy elderly individuals has been related to verbal intelligence, speed, flexibility and semantic memory 16 . In adults, some evidence also suggests that switching, which involves a significant degree of inhibition and flexibility, is involved in phonemic fluency 14 , as well as the auditory subsystem of working memory
13
. Thus, the literature emphasizes that phonemic fluency tests can be influenced by various cognitive processes, such as intelligence, working memory, flexibility, vocabulary, attention, inhibitory control and self-monitoring 3, 8 . Furthermore, other factors can also influence verbal fluency performance: for example, performance is sensitive to age and education 8, 17 , and some studies also suggest a gender effect, although these results have been inconsistent 8, 16, 17 . Another important issue that should be considered when analyzing the demands of phonemic fluency tests is a developmental one, because the demands may differ depending on the age of the individual being assessed. In a sample of individuals aged 6-15 years, Tallberg et al.
11 found significant positive associations between age and a) the number of correct answers, b) the effective use of phonological or semantic switching, and c) clustering strategies. Also, Hurks 18 found that an instruction in semantic clustering could impact verbal fluency performance in the older children in her sample, but not in the younger children, for whom the implementation of the new strategy appeared to be difficult. This result suggests a relationship between age and the strategy used to solve the task.
Improvement across age in phonemic fluency test performance may be due, at least partially, to the development of EFs, because evidence suggests that EFs develop throughout childhood and adolescence until early adulthood. Thus, EFs can contribute in different ways to phonemic fluency tasks to the extent that EFs themselves develop. Moreover, evidence also supports the notion that different executive abilities develop in different ways 4, 19, 20 , and that the interrelationships between EFs appear to change throughout the developmental process in a way that suggests that these abilities are more interdependent in children and become more differentiated in early adolescence 21 In other words, whereas in children the associations between EFs tend to be higher, in older children and teenagers these relationships are only low to moderate. Hence, in childhood and adolescence, EFs can be immature; during such stages, the partial contribution of each process in generating FAS solutions can be distinct from that observed in adults.
In this sense, the objective of this study was to investigate the relative contributions of EFs to FAS performance using a sample of children and teenagers (Group 1, children from grades 1-4; Group 2, teenagers from grades 5-8).
We also considered age and gender effects on performance and predicted that differential abilities could contribute to FAS performance in each group, reflecting changes in solution stra tegies as a result of EF development. The study can contribute to our understanding of what is being measured by the FAS and how task demands on EFs change with age.
meTHoDS

Participants
Initially, we tested 495 children and teenagers aged 6-16 years recruited at two public schools in the state of Sao Paulo, Brazil. Owing to discrepancies between age and school grade, we excluded participants who had either repeated grades or had started school late relative to their peers. As a result, 413 children and teenagers aged 6-14 years (mean [M]=9.74; standard deviation [SD]=2.40) who attended grades 1-8 of two public elementary schools comprised the final sample.
Although no formal testing was performed to rule out intellectual disability beyond screening for discrepancies between age and school grade (grade retention), no students with mental disabilities or non-corrected sensory disorders were included in the sample, as assessed by records and information provided by the teachers of the participants and students' handbooks, information that is used in eventual referrals to the specialized educational services for students who have some disability.
To analyze the different contributions of EFs, age and gender as a function of participants' developmental stage, we divided them into two groups: Group 1 comprised children from grades 1-4 and Group 2 comprised teenagers from grades 5-8. This division by school grade was justified for some studies in a review by Strauss et al. 10 , in which education accounted for more variance than did age with respect to fluency task performance. Group 1 comprised 263 children aged 6-10 years (M=8.21; SD=1.26), 127 (48.3%) of whom were male. Group 2 comprised 150 teenagers aged 10-14 years (M=12.43; SD=1.29), 63 (42.0%) of whom were male. Distribution by age and school grade in each group is shown in Table 1 .
Instruments
Cancellation Attention Test (CAtT)
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. The CAtT assesses selective attention (Parts 1 and 2) and selective attention and shifting (Part 3) in a test of visual searching. The test consists of three matrices with a target and 300 stimuli (geometric shapes) in each matrix. Similar to classic cancellation paradigms, the participant identifies and marks stimuli that are similar to the target. Each matrix has a fixed time of 1 min. The total number of correct answers in each part of the test was used as the score (Figure 1 ).
Auditory Working Memory Test (AWMT)
23
. The AWMT is a computerized test that evaluates auditory working memory (AWM). The software emits digitized voice sequences that consist of 2-10 words and numbers. The task is, first, to repeat the words in the sequence and, then, to repeat the numbers in increasing order. For example, if the stimulus is "three -bird -one -rain, " then the correct response is "birdrain -one -three. " The score is based on the number of correct sequences supplied.
Visual Working Memory Test (VWMT)
. The VWMT is a computerized test that assesses visual working memory. On a computer screen, one 3x3 matrix is shown which contains a stimulus in a single cell. Spatial manipulations, re presented by arrows that indicate the direction of each move, are then shown on the screen. The participant has to imagine the stimulus moving across the matrix and select its final position. The task increases in difficulty until four matrices are shown on the same screen. The score is the number of correct answers supplied ( Figure 2 ).
Trail Making Test (TMT) 24 . The TMT assesses cognitive flexibility. We used the Brazilian adaptation 25 . The task comprises items (letters and numbers) that must be alternately connected in sequence over a 1-minute period. The score is the number of sequences supplied (i.e., the number of items connected correctly) in each part (A and B).
Semantic Generation Test (SeGeT)
26
. The SeGeT is a computerized test that measures inhibitory control (IC) 27 . The subject is asked to name an action that is semantically associated with drawings (nouns) that appear on a computer screen. The nouns can be low-selection (60 items), meaning that they evoke just one word (e.g., scissors is usually associated with the verb cut), or they can be high-selection (60 items), meaning that they can evoke a list of words (e.g., string, which can be associated with the words lace, tie, leap, or roll up). The differential analysis of performance based on the low-and high-selection conditions (performance on high-selection condition minus performance on low-selection condition) provides a score and reaction time (RT) interference index. Therefore, the measures used are the interference effects for score and RT 24 . 28 . The computerized FAS version was used 29 to evaluate the capacity of verbal fluency. The individual has to express the maximum possible number of words starting with "F" over a 1-minute period. Then, the procedure is repeated with the letters "A" and "S. " In this study, only the total score was adopted for analysis, which cor responds to the correct number of words given in the three parts of the task. Proper nouns were not allowed.
FAS Verbal Fluency Test (FAS)
All of the tests were selected based on their psychometric proprieties as validated in samples of Brazilian children and teenagers 4, 30, 31 . The CAtT and TMT are available and published in Brazil 22, 25 . The other tests were obtained from those who devised them.
Procedure
The project was approved by the Ethics Research Committee. A consent form was sent to the School Board of Directors and students' guardians. The tests took place in a classroom during regular school hours. Data collection began with administration of the collective tests (CAtT and TMT) over two sessions. The other tests were applied in individual sessions for a total of four evaluation sessions for each participant, with an average time of 20 min per session. The order of the tests was counterbalanced, and only one test per day was administered to each participant.
Statistical analyses
A Pearson's correlation analysis was performed between the predictive variables in each group. Multiple linear regression analyses were performed to determine which EF varia bles predicted FAS performance while controlling for age and gender, the latter of which was entered in the analysis as a dummy variable (0 -male; 1 -female). In our analyses, we considered Groups 1 and 2 independently so that we could also determine whether demands or solution strategies changed as a function of grade. The independent or predictive varia bles equated to the performance in each part of the CAtT, AWMT, VWMT and SeGeT (considering score and RT interference measures separately) and the sequences supplied in Parts A and B of the TMT. The Enter method was used to explore the contributions of each variable. In Table  2 -4, significant results are shown in bold.
reSuLTS Table 2 shows the correlations between predictive variables (considering EF measures only). In both groups, despite statistical significance, correlations between measures tended to be low to moderate (r=0.14-0.46), highlighting that it could be difficult to group them into factors. So, the use of individual variables in the subsequent analyses is justified.
Concerning the prediction of FAS performance, regarding Group 1, age and gender were controlled at Step 1. The mo del adjustment was significant (p<0.001). In fact, the model had a significant effect on FAS performance, explaining up to 32.4% of the variance in test performance. However, although age was a significant predictor of FAS performance, gender had only a marginal effect. This finding indicated that, indeed, controlling for these variables -mainly age -led to a better data fit. All of the EF measures were then included in the regression. The model adjustment was significant (p<0.001), and EF measures were found to increase the explanatory power of the model to 38%. In this model, age remained an important predictor of FAS performance ( ß=0.35, p<0.001), but gender did not. The selective aspect of attention and shifting ( ß=0.26, p=0.002) and the AWM measure ( ß=0.16, p=0.023) significantly contributed to FAS performance after controlling for age and gender (Table 3) .
The same procedure was repeated for Group 2. At Step 1, age and gender were entered as controlled variables and the model showed significant adjustment (p<0.001). Age and gender had a significant effect on FAS performance, explaining up to 12.3% of the variance in test performance, indicating that controlling for these variables led to a better data fit. All of the EF measures were then included in the regression. The model adjustment was significant (p<0.001), and the inclusion of EFs improved the explanatory power of the model to 27.1%. Although the gender effect continued to be significant ( ß=0.23, p=0.005), the age effect was not significant upon the inclusion of EF measures. The IC ( ß=-0.29, p=0.001), AWM ( ß=0.24, p=0.011) and selective attention and shifting measures ( ß=0.21, p=0.026) contributed significantly to FAS performance in this group (Table 4) .
DIScuSSIoN
Our results revealed the EF demands on FAS performance in a sample of children and teenagers. The impact of this finding is that we can have a better comprehension of what is indeed measured by the FAS, and about strategy changes in performance with age progression. In this way, the results suggest that different abilities, and also different rates of the same abilities, can predict FAS performance in Groups 1 and 2. Also, age and gender can impact performance diffe rently in each group. For Group 1, age and, marginally, gender (girls outperformed boys), were part of the first model. With the inclusion of EF measures, the AWM and selective attention and shifting proved to be important predictors of the children's performances, despite the continued effect of age. For this group, regression coefficients associated with age, working memory and shifting measurements were positive, suggesting that there is an improvement in FAS performance with advancing age. Also, participants who performed better in the auditory working memory task as well as in focus attention and shifting obtained better FAS scores.
For Group 2, the first model showed that both age and gender could explain FAS performance. In a second set of analyses, after executive measures were entered, only a gender effect was maintained. Furthermore, AWM, shifting and IC were predictors of FAS performance. The regression coefficients associated with gender, as well as with AWM and shifting measurements, were positive, i.e., girls performed better than boys, and those who had higher scores in the AWM and shifting measurements tended to have the best results on the FAS. The regression coefficient associated with the IC measurement was negative. This score refers to an RT interference measure (i.e., the RT in the high-selection condition minus the RT in the low-selection condition on the SeGeT). The greater this difference, the greater the interfe rence effect -i.e., the participant needed more time to inhibit competitors and answer the high-selection items. The negative regression coefficient means that participants with less interference RT, reflecting better inhibition, also had better performance on the FAS. One could argue that participants with lower IC might generate more words and do better on the FAS, but that does not seem to be the case, at least considering the number of correct answers provided. However, the influence of inhibition on the total number of answers (correct and incorrect) should be further investigated. These findings partially corroborate previous studies of adults and the elderly that have pointed to the roles of working memory, especially the auditory subsystem, and, to some extent, inhibition and shifting, as important abilities involved in the FAS 3, 8, 13, 14 . The insertion of these EFs in the explicative model can be understood in terms of task requirements on processing information. For example, to verbalize the answers while the test is carried out, it is necessary to access long-term memory to remember a specific word, record the previous verbalized words to avoid repetitions, and continuously update new entries in the working memory. Besides, it is also necessary to shift between new clusters and inhibit incorrect items.
Beyond this general understanding, we also found differential contributions to FAS performance in each of our groups. In fact, although Bolla et al. 16 reported gender effects, other studies have not 8, 17 . This can be attributed to the samples used in each study. We found that gender was not a significant predictor of FAS performance in Group 1, but it was a significant predictor in Group 2, which comprised older children and teenagers. This means that, for children up to 10 years of age (Group 1), gender does not affect FAS performance, but with age progression and, maybe, with EF development and differentiation, gender becomes an important variable in performance. On the other hand, age remained a significant predictor of FAS performance after inclusion of EF measures in Group 1, but not in Group 2. The magnitude of the age effect on EF development appears to be generally large in younger children (5-7 years), moderate in older children (8-15 years), and quite small after that 20 . Data regarding the improvement in EF performance as a function of age can be found in the study by Dias et al. 4 . Additionally, regarding EF abilities, different demands (and explanatory powers) were associated with FAS performance in each group. Although the AWM and selective attention and shifting played a role in both groups' performances, IC only contributed to FAS performance in Group 2; in other words, older children can use different strategies to solve these tasks 11 . It should be mentioned that, despite the fin ding that Group 1 results could be better explained by the final model than could those in Group 2, when EF measures were entered it led to a slight increase in the explanatory power of the model. In contrast, when EF measures were entered, the model for Group 2 demonstrated a more consistent improvement in explanatory power beyond age and gender. In other words, older children and adolescents seem to show: a) more differentiation in the contributions of EF components relative to FAS performance, especially inhibitory control, beyond the effects of working memory and selective attention and shifting; and b) a greater effect of these contributions re lative to younger children. We can suppose that further differentiation of EF components occurs across development 12, 21, 32 , along with verbal fluency becoming more dependent on such components; more elementary abilities (such as vocabulary) become more stable over time, and differences in performance across age become attributable to more complex abilities, such as EFs. Indeed, some stu dies have found a relationship between vocabulary and phonemic fluency tasks in children aged 7-9 years 32 , but not in youths 33 . Vocabulary demands should be addressed and con trolled in future research. Furthermore, the explanatory powers of the models were modest. This suggests that other demands of the FAS (executive and non-executive) remain to be investigated.
Some limitations of the study should be mentioned, such as the fact that our sample consisted only of students from public schools and did not include a screening or cognitive assessment, although information about the students was provided by the schools. Despite these gaps, the study contributed to our understanding of what is being measured by the FAS. In addition, our research showed that gender and age can affect performance differentially when considering specific age groups. Moreover, our investigation revealed that EF demands on FAS performance can change with age, which most likely reflects changes in the strategies used for task resolution. 
